In this study, the ability of PGPRs to improve the growth and rooting of Portulacaria afra in pots was evaluated. Portulacaria afra is an interesting plant from a medicinal and ornamental point of view, but it shows some difficulties in the early stages of cultivation. The two experimental groups in cultivation were: i) group without beneficial microorganisms (CTRL) (peat 60% + pumice 30% + chabazite 10%), irrigated with water and substrate previously fertilized; ii) group with beneficial micro-organisms (PGPR) (peat 60% + pumice 30% + chabazite 10%), irrigated with water and substrate previously fertilized, (1,5g TNC Bactorr S13 per litre of soil). The microorganisms in TNC S13 Bactorr were :  Bacillus amyloliquefaciens, B. brevis, B. cirulans, B. coagulans, B. firmus, B. halodenitrificans, B. laterosporus, B.  licheniformis, B. megaterium, B. mycoides, B. pasteuri, B. polymixa, B . subtilis (1.3 x 10 11 cfu/Kg). All plants treated with Plant Growth Promoting Rhizobacteria (PGPR) showed a significant increase in the agronomic parameters analysed compared to the untreated control (CTRL), both in Portulacaria afra and in Portulacaria afra variegated. The results show that microorganisms are able to improve the absorption of water and nutrients by increasing the agronomic and physiological characteristics of plants. Very interesting aspects to improve agronomic quality, especially for those who cultivate plants from particular environments and that are poorly adapted to our climates and cultivation methods.
Introduction
The genus Portulacaria includes shrubs or small trees with a much ramified trunk, sessile leaves, pale green, peduncolate, inconspicuous pink flowers pink fruit with a diameter of 2-6 mm. In nature, it is very similar to Crassula ovata. There are 2 variegated forms and tricolor cultivars. Distributed mainly in the regions of Mozambique and the Republic of South Africa [1] . The Portulacaria afra L. belongs to the Didereaceae (formerly Portulacaceae) and is commonly called in South Africa also elephant food. It has small succulent leaves and can reach 5 m in height with the characteristics of a large woody shrub or a small tree [2, 3] . The branches have dichotomous branches and the leaves are opposite each other and can last at least one growing season or more [4, 3] . P. afra is spread over an area of about 2 million hectares [5] in the eastern and south-eastern Cape and in some areas represents 90% of the population. It does not withstand frost but can also be found in cold regions due to its resilience due to population density. The Portulacaria afra is a very important plant in arid environments as it ensures the maintenance of soil moisture after rainfall [6] , and promotes the growth of seedlings of subtropical tree lines [7] . It is also tolerant of drought as it can switch from C3 photosynthesis to CAM in low rainfall conditions [8, 9] .
Plants have the ability to influence soil bacterial communities by producing root exudates specific to the plant species grown. Microorganisms are able to use these substances for their multiplication and are crucial for plant biology by producing substances with a similar action to plant hormones that induce cell differentiation, root development and changes in root hair growth [10] . Root colonization by microorganisms can initiate a symbiosis as the beginning of a disease [11] .
The micro-organisms in the rhizosphere are decisive in the growth and defence of plants. Rhizobacteria can be classified into extracellular (ePGPR) organisms that live mainly in the rhizosphere and intracellular (iPGPR) organisms that colonize the internal structures of the root. Several Plant Growth Promoting Rhizobacteria can be present in the soil, the most important of which include Nitrotobacter, Bacillus, Pseudomonas, Azospirillum, Agrobacterium, Burkholderia, Bradyrhizobium, Rhizobium, Frankia, Erwinia, Flavobacterium, Chromobacterium, Caulobacter, Arthrobacter, Allorhizobium, Mesorhizobium [12] . They have the capacity to improve the characteristics and fertility of the soil, thus favouring the cultivation of plants. The colonization of the roots takes place through various mechanisms such as the formation of siderophores, the solubilization of mineral phosphates and potassium, nitrogen fixation, and the production of phytophorons. In order to improve the quality of crops it is certainly necessary today to use microbial inoculants able to promote plant growth, control diseases and stimulate soil fertility [13] .
In order to improve the quality and quantity of agricultural production without adversely affecting the biodiversity of the agro-system, there is an increasing need to use microbial inoculants that promote plant growth, disease control agents and soil health enhancers. PGPRs also play an important role in improving plant health, resistance to environmental stress, and soil bioremediation [14] .
In this study, the ability of PGPRs to improve the growth and rooting of Portulacaria afra in pots was evaluated. Portulacaria afra is an interesting plant from a medicinal and ornamental point of view, but it shows some difficulties in the early stages of cultivation. 
Material and methods

Greenhouse experiment and growing conditions
The experiments, started in February 2019, were conducted in the greenhouses of CREA-OF in Pescia (Pt), Tuscany, Italy (43°54′N 10°41′E) on Portulacaria afra and Portulacaria afra variegated plants. The plants were placed in ø 10 cm pots; 30 plants per thesis, divided into 3 replicas of 10 plants each. All plants were fertilized with a controlled release fertilizer (4 kg m-3 Osmocote Pro®, 6 months with 190 g/kg N, 39 g/kg P, 83 g/kg K) mixed with the growing medium before transplanting. The two experimental groups in cultivation were:
Group without beneficial micro-organisms (CTRL) (peat 60% + pumice 30% + chabazite 10%), irrigated with water and substrate previously fertilized;
Group with beneficial micro-organisms (PGPR) (peat 60% + pumice 30% + chabazite 10%), irrigated with water and substrate previously fertilized, (1,5g TNC Bactorr S13 per litre of soil). The plants were watered 3 times a week and grown for 11 months. The plants were irrigated with drip irrigation. The irrigation was activated by a timer whose program was adjusted weekly according to climatic conditions and the fraction of leaching. On January 20, 2020, the plant height, leaves number, the vegetative and root weight and branches number were recorded. Ten days before the destructive analysis, the chlorophyll content was evaluated (FieldScout CM 1000 Chlorophyll Meter; SPAD index was measured on three leaves of each plant (30 measurements per treatment), net photosynthesis (Pn) (LI-6400XT Portable Photosynthesis System).
Statistics
The experiment was carried out in a randomized complete block design. Collected data were analysed by one-way ANOVA, using GLM univariate procedure, to assess significant (P ≤ 0.05, 0.01 and 0.001) differences among treatments. Mean values were then separated by LSD multiple-range test (P = 0.05). Statistics and graphics were supported by the programs Costat (version 6.451) and Excel (Office 2010).
Results
Plant growth
All plants treated with Plant Growth Promoting Rhizobacteria (PGPR) showed a significant increase in the agronomic parameters analysed compared to the untreated control (CTRL), both in Portulacaria afra and in Portulacaria afra variegated. The results show that microorganisms are able to improve the absorption of water and nutrients by increasing the agronomic and physiological characteristics of plants.
In Portulacaria afra, (Table 1) the plant height was 27.96 cm in (PGPR), significantly better than 23.98 cm in untreated control (CTRL). For the number of leaves, 96.40 (PGPR) was better than the control (CTRL) with 75.60 leaves. There was a significant increase in vegetative biomass 121.10 g (PGPR), compared to the untreated control 105.92 g (CTRL) (Figure 2A ). The treatment (PGPR) for root biomass was also significantly better with 63.60 g (PGPR), compared to 46.82 g of the control (Figure 3 ). There was also an increase in the branche number in PGPR with 19.60, compared to 12.80 in the control (CTRL).
In Portulacaria afra variegated (Table 2) , the plant height was 16.28 cm (PGPR) compared to 12.40 cm (CTRL). There was an increase in the number of leaves in the thesis treated with Plant Growth Promoting Rhizobacteria with 54.20 leaves per plant, compared to 39.80 in the control thesis. Same trend for vegetative biomass ( Figure 2B) where treatment with PGPR with 58.30 g was significantly better than the untreated control with 48.98 g and for root biomass where treatment with PGPR was significantly better with 40.24 g than the control (CTRL) with 36.04 g. Finally also for the number of ramifications the thesis with rhizobacteria showed an increase with 11.20, compared to the control (CTRL) with 8.40. Physiological analyses also showed an increase in the net rate of photosynthesis in the thesis treated with rhizobacteria. In fact, for Portulacaria afra ( Table 3) Even in Portulacaria afra variegated ( Table 4 ) the thesis with PGPR showed a photosynthesis rate of 15.62 µmol m -2 s -1 , compared to 13.56 µmol m -2 s -1 and a chlorophyll content of 11.62 (PGPR), compared to 9.89 of (CTRL). 
Discussion
The rhizosphere is a complex habitat, where the plant through the exudates of its roots can promote microbial growth and metabolism. Soil microbiology has a significant influence on plant physiology and growth, but also on protection against deleterious pathogenic microorganisms [15] .
In the soil, in fact, you can find a considerable number of microorganisms that perform different functions. Some are beneficial microorganisms, others can cause damage to plants and agricultural production. Among the beneficial microorganisms are the Plant Growth Promoting Rhizobacteria (PGPR), which can live close to the roots or inside specialized cells and are able to stimulate plant growth through various meccanisms. The best known mechanisms include: i) bio-fertilization, i.e. the ability of certain bacteria to make certain nutrients more available; ii) biocontrol, the activity of suppressing certain diseases through the use of certain bacteria; iii) induction of resistance, i.e. the ability of certain bacteria to stimulate plant defences; iv) the production of phytohormones and signal molecules. Rhizobacteria through their activity are able to alleviate the negative effects of stress on plant growth [16, 17, 18, 19] . They can produce plant hormones and siderophores, regulating plant metabolism and the availability of nutrients in the soil, in particular iron, copper, zinc and manganese. There are several phytohormones influenced by PGPR, such as abscissic acid, auxins and cytokinins [20] . PGPR can produce several metabolites that can control reactive oxygen species under stress [21, 22] .
PGPR can also produce antibiotics necessary for symbiosis with their host and for competition with other microorganisms in the rhizosphere [23] . Growth-promoting bacteria can have important effects on plant morphology even under stressful conditions. For example, after activation mediated by some root exudates, rhizobium is able to create morphological alterations at root development, in particular the formation of nodules.
In this experiment it is noted above all that the rhizobacteria enriched substrates for the cultivation of Portulacaria afra resulted in a significant increase in all the agronomic parameters analyzed (plant height, number of leaves, vegetative and root biomass, number of branches) and physiological (photosynthesis rate and chlorophyll content). This confirms how the use of PGPR can improve the solubility and availability of nutrients that improve plant growth accordingly.
Indeed, rhizobacteria are able to produce some phytohormones such as auxins and cytokinins [20] and can influence the absorption of some nutrients such as N, P and K as determined for example by Pseudomonas sp. [24] . Furthermore, it has been shown that PGPRs communicate with plants by producing volatile compounds that are able to play an important role in plant growth and systemic resistance induction.
Conclusion
The test has shown that the use of PGPR can significantly improve the agronomic and physiological quality of Portulacaria afra plants. Rhizobacteria once inoculated into the growing medium improve the uptake of water and fertilizer by the roots and can increase the photosynthetic efficiency of the plants. The rhizosphere represents the soil biotype and can lead to various agronomic consequences such as, for example: i) modification of the soil structure, in fact the microbial population is denser in the rhizosphere than in the soil. This is probably due to the production of gummy substances and the like; ii) nitrogen metabolism, microorganisms determine a balance between mineralization and organic synthesis; iii) solubilisation of mineral elements, the sulphur, iron and phosphorus microorganisms are particularly active in the rhizosphere; IV) plants whose roots are surrounded by rhizospheric microflora are more resistant to pathogenic infections. Very interesting aspects to improve agronomic quality, especially for those who cultivate plants from particular environments and that are poorly adapted to our climates and cultivation methods.
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